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1
APPARATUS AND METHOD FOR
COMPUTED TOMOGRAPHY IMAGE
PROCESSING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to KR10-2014-0009036,
having a filing date of Jan. 24, 2014, the entire contents of
which are hereby incorporated by reference.

FIELD OF TECHNOLOGY

The following relates to an apparatus and method for com-
puted tomography image processing, and more particularly,
to an apparatus and method for computed tomography image
processing which can calculate line integral values of attenu-
ation coefficients constituting an integrand of an X-ray pro-
jection function using the mean value theorem for integrals in
order to restore an image of a subject from an X-ray beam
detected in computed tomography image processing.

BACKGROUND

In order to restore a computed tomogram, measurements of
X-ray beams passing through a subject are reduced into a line
integral, which in turn is inversely transformed into a projec-
tion function which represents attenuation coefficients of the
subject.

Although monochromatic irradiation is required to obtain
accurate values, all tomography instruments in the related art
employ multi-chromatic irradiation in practice. Since tomo-
grams reconstructed by multi-chromatic irradiation include
strong artifacts, it is very difficult to calculate accurate line
integrals of attenuation coefficients and to obtain accurate
values of nonlinear problems provided by inverse transfor-
mation of an X-ray projection function.

A solution to such artifacts can be obtained by dual-energy
tomography. In dual-energy tomography, the same subject is
subjected to bi-chromatic irradiation with different energy
levels. Images obtained through dual-energy tomography
include fewer beam hardening artifacts.

An X-ray projection function of two spectra by dual-en-
ergy tomography is represented by simultaneous line integral
equations of attenuation coefficients, and the measurements
of X-ray beams detected in the two different spectra are
substituted into the simultaneous equation to obtain line inte-
gral values.

These simultaneous equations are nonlinear equations as
mentioned above, and polynomial approximation is generally
used to solve the nonlinear equations. However, polynomial
approximation doesn’t provide accurate values of the equa-
tions. Moreover, it is also problematic in that irradiation and
measurements of X-ray beams for calibration are required
several times to obtain coefficients of the polynomials.

One example of the related art is disclosed in Korean Patent
Publication No. 10-2001-0006602 (Publication date: Jan. 26,
2001) entitled “Apparatus and method for computed tomog-
raphy”.

SUMMARY

Embodiments of the present invention provide an appara-
tus and method for computed tomography image processing,
which can calculate line integral values of attenuation coef-
ficients constituting an integrand of an X-ray projection func-
tion using the mean value theorem for integrals in order to
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2

restore an image of a subject from an X-ray beam detected in
computed tomography image processing, thereby enabling
efficient removal of artifacts from an X-ray tomogram while
improving accuracy of the image.

In accordance with one aspect of an embodiment of the
present invention, an apparatus for computed tomography
image processing includes: an X-ray detection unit that
detects an X-ray beam having passed through a subject and
outputs an energy value thereof; a line integral calculation
unit that calculates line integral values of attenuation coeffi-
cients representing attenuation of the energy value of the
X-ray beam having passed through the subject and detected,
based on the energy value; an image processing unit that
reconstructs a tomogram based on the line integral values;
and an image output unit that outputs the tomogram, wherein
the line integral calculation unit calculates, based on simul-
taneous equations obtained from a projection function of two
different energy spectra and the energy value of the detected
X-ray beam, line integral values of attenuation coefficients
included in the projection function of the two different energy
spectra and energy values satisfying the simultaneous equa-
tions.

The line integral calculation unit may calculate approxi-
mate values of the energy values satisfying the simultaneous
equations based on first approximate values of the line inte-
gral values of the attenuation coefficients, and calculate sec-
ond approximate values of the line integral values of the
attenuation coefficients based on the approximate values of
the energy values satisfying the simultaneous equations.

Initial approximate values of the energy values satisfying
the simultaneous equations may be mean values of energy
values of the two different energy spectra, respectively.

The line integral calculation unit may calculate the line
integral values of the attenuation coefficients and the approxi-
mate values of the energy values satisfying the simultaneous
equations when differences between the first and second
approximate values of the line integral values of the attenua-
tion coefficients are less than or equal to preset limits.

The line integral calculation unit may replace the first
approximate values of the line integral values of the attenua-
tion coefficients with the second approximate values of the
line integral values of the attenuation coefficients, and repeat
a procedure of calculating the approximate values of the
energy values satisfying the simultaneous equations and the
second approximate values of the line integral values of the
attenuation coefficients, when the differences between the
first approximate values and the second approximate values
of the line integral values of the attenuation coefficients
exceed the preset limits.

The line integral calculation unit may select the lowest
energy values as the approximate values of the energy values
satisfying the simultaneous equations, among energy values
satisfying an equation in which the line integral values of the
attenuation values in the simultaneous equations are replaced
by the first approximate values of the line integral values of
the attenuation values.

The line integral calculation unit may select the highest
energy values as the approximate values of the energy values
satisfying the simultaneous equations, among energy values
satisfying an equation in which the line integral values of the
attenuation values in the simultaneous equations are replaced
by the first approximate values of the line integral values of
the attenuation values.

The line integral calculation unit may determine the energy
values satisfying the simultaneous equations as functions of
two variables with respect to pairs of real numbers that can be
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differentiated at an original point, and select the approximate
values of the energy values satisfying the simultaneous equa-
tions through approximation.

In accordance with another aspect of an embodiment of the
present invention, a method for computed tomography image
processing includes: detecting, by an X-ray detection unit, an
X-ray beam emitted to a subject and outputting an energy
value thereof; calculating, by a line integral calculation unit,
line integral values of attenuation coefficients representing
attenuation of the energy value of the X-ray beam having
passed through the subject and detected, based on the energy
value; reconstructing, by an image processing unit, a tomo-
gram based on the line integral values; and outputting, by an
image output unit, the tomogram, wherein the line integral
calculation unit calculates, based on simultaneous equations
obtained from a projection function of two different energy
spectra and the energy value of the detected X-ray beam, line
integral values of attenuation coefficients included in the
projection function of the two different energy spectra and
energy values satisfying the simultaneous equations.

Calculating, by the line integral calculation unit, line inte-
gral values of attenuation coefficients may include: calculat-
ing approximate values of the energy values satisfying the
simultaneous equations based on first approximate values of
the line integral values of the attenuation coefficients; and
calculating second approximate values of the line integral
values of the attenuation coefficients based on the approxi-
mate values of the energy values satisfying the simultaneous
equations.

The method may further include initializing, by the line
integral calculation unit, the approximate values of the energy
values satisfying the simultaneous equations as mean values
of energy values of the two different energy spectra, respec-
tively.

Calculating, by the line integral calculation unit, line inte-
gral values of attenuation coefficients may include: calculat-
ing the line integral values of the attenuation coefficients and
the approximate values of the energy values satistying the
simultaneous equations when differences between the first
and second approximate values of the line integral values of
the attenuation coefficients are less than or equal to preset
limits.

Calculating, by the line integral calculation unit, line inte-
gral values of attenuation coefficients may include: repeating
a procedure of calculating the approximate values of the
energy values satisfying the simultaneous equations and the
second approximate values of the line integral values of the
attenuation coefficients, when the differences between the
first approximate values and the second approximate values
of the line integral values of the attenuation coefficients
exceed the preset limits.

In calculation of the approximate values of the energy
values satisfying the simultaneous equations, the line integral
calculation unit may select the lowest energy values as the
approximate values of the energy values satisfying the simul-
taneous equations, among energy values satisfying an equa-
tion in which the line integral values of the attenuation values
in the simultaneous equations are replaced by the first
approximate values of the line integral values of the attenua-
tion values.

In calculation of the approximate values of the energy
values satisfying the simultaneous equations, the line integral
calculation unit may select the highest energy values as the
approximate values of the energy values satisfying the simul-
taneous equations, among energy values satisfying an equa-
tion in which the line integral values of the attenuation values
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in the simultaneous equations are replaced by the first
approximate values of the line integral values of the attenua-
tion values.

In calculation of the approximate values of the energy
values satisfying the simultaneous equations, the line integral
calculation unit may determine the energy values satisfying
the simultaneous equations as functions of two variables with
respect to pairs of real numbers that can be differentiated at an
original point, and select the approximate values of the energy
values satisfying the simultaneous equations through
approximation for calculating values of the functions of two
variables with respect to the first approximate values of the
attenuation coefficients.

According to an embodiment of the present invention, the
apparatus and method for processing a tomogram can calcu-
late line integral values of attenuation coefficients constitut-
ing an integrand of an X-ray projection function using the
mean value theorem for integrals in order to restore an image
of'asubject from an X-ray beam detected in computed tomog-
raphy image processing, thereby enabling efficient removal
of artifacts from an X-ray tomogram while improving accu-
racy of the image through single X-ray irradiation without
additional correction and repeated X-ray irradiation.

BRIEF DESCRIPTION

Some of the embodiments will be described in detail, with
reference to the following figures, wherein like designations
denote like members, wherein:

FIG. 1 is a diagram of an apparatus for computed tomog-
raphy image processing in accordance with one embodiment
of the present invention; and

FIG. 2 is a flowchart illustrating a method for computed
tomography image processing in accordance with one
embodiment of the present invention.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. It should be noted that the drawings are not
to precise scale and may be exaggerated in thickness of lines
or size of components for descriptive convenience and clarity.
In addition, the terms used herein are defined by taking func-
tions of the present embodiments of the invention into
account and can be changed according to user or operator
custom or intention. Therefore, definition of the terms should
be made according to the overall disclosure set forth herein.

FIG. 1 is a diagram of an apparatus for computed tomog-
raphy image processing in accordance with one embodiment
of the present invention.

Referring to FIG. 1, the apparatus for computed tomogra-
phy image processing according to the embodiment of the
invention may include an X-ray detection unit 200, a line
integral calculation unit 300, an image processing unit 400,
and an image output unit 500.

The X-ray detection unit 200 detects an X-ray beam emit-
ted from an X-ray irradiation unit 100 and having passed
through a subject, and outputs an energy value of the X-ray
beam.

The line integral calculation unit 300 calculates, based on
the energy value of the output X-ray beam, line integral values
of attenuation coefficients which represent attenuation of the
energy value of the X-ray beam having passed through the
subject and been detected. Here, the line integral calculation
unit 300 calculates the line integral values of the attenuation
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coefficients by solving simultaneous equations of a projec-
tion function obtained through irradiation of an X-ray beam
twice.

In X-ray tomography, X-ray beams having passed through
a subject attenuate until the X-ray detection unit detects the
X-ray beams. Thus, energy values of the X-ray beams
detected after attenuation can be represented by the energy
values of the X-ray beams having passed through the subject,
which are substituted into the projection function.

The projection function of the X-ray beam is represented
by Equation 1.

p=—In[;S(E)exp[-fyur.E)ds]dE,

In Equation 1, p represents an energy value of an X-ray
beam, E represents photon energy of the X-ray beam, S rep-
resents a spectrum of energy distribution, I represents an
integration zone of the photon energy of the X-ray beam, r
represents a position vector of a path along which the X-ray
beams travel, 1 represents the path along which the X-ray
beams travel, and p represents an attenuation coefficient of
the X-ray beam.

In other words, fu(r,E)ds is a line integral which represents
attenuation of an X-ray beam depending upon the path along
which the X-ray beams travel.

It is known that the attenuation coefficient of the X-ray
beam can be approximated by a linear combination of attenu-
ations of the Compton effect and photoelectron interaction.
The projection function of the X-ray beam to which the
approximate attenuation coefficient is applied is provided by
Equation 2.

<Equation 1>

P~=Inf;SE)exp[ -4 Sy E)- A, (E)|dE

A~ r)ds, 4,7 10,(r)ds

In Bquation 2, f, represents energy dependency of photo-
electric absorption, f, represents Compton scattering effect,
a_ represents an attenuation coefficient by the Compton
effect, and a,, represents an attenuation coefficient by photo-
electric absorption. A and A , are line integral values of a_and
a,, for the path of the x-ray beam. Thus, a_and a,, that is, the
attenuation coefficients, can be calculated by obtaining the
values of A_and A .

In order to obtain the line integral values of the two attenu-
ation coefficients, the energy values of the X-ray beam in two
energy spectra are detected and substituted into Equation 2 to
establish simultaneous equations. These simultaneous equa-
tions are represented by Equation 3.

<Equation 2>

Pr=—Inf;Sy(E)exp[ -4 S E)-4f(E)|dE

Per=—0i S E)exp| -4 fun(E) -4/, (E)dE

In Equation 3, P, represents an energy value of an X-ray
beam measured with respect to a low energy spectrum, P,,
represents an energy value of the X-ray beam measured with
respect to a high energy spectrum, S; represents the low
energy spectrum, and S, represents the high energy spec-
trum.

For instance, the entire spectrum of the X-ray beam may be
in the range of 30 keV to 200 keV, the low energy spectrum
may be in the range of 30 keV to 50 keV, and the high energy
spectrum may be in the range of 70 keV to 120 keV.

The attenuation coeflicients a,. and a, can be calculated
from the line integral values A, and A, of the attenuation
coefficients obtained by solving Equation 3.

On the other hand, according to the mean value theorem for
integrals, in the case where S, T4y, and f, are consecutive,
there is an energy value capable of providing the same value

<Equation 3>
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6

as a value obtained by dividing the integral term of Equation
2 by |1l when a certain energy value is applied to an integrand

of Equation 2.
In other words, an energy value E*” satisfying Equation 4
is present.
{Equation 4)
—lnm IS(E)eXP[_AchN (E)-Apfr(E)dE =

—InS(EMY) + A, fin(EMY) + A, £, (EMY)

Then, the following Equation 5 is obtained by substituting
Equation 4 into equations corresponding to the high and low
energy spectra in Equation 3.

L {Equation 5)

P
—ln(m) = —InSp(EMY) 4 A fen(EXY ) + A, £, (EMY)

Py

_ln(m) ~ —InSy (M) + Ac fin (EMV) + A, £, (EMY)

The attenuation coefficients a. and a, can be calculated
from the line integral values A, and A, of the attenuation
coefficients obtained by solving Equation 5.

Here, energy values E,*” and E,*”, the existence of
which is guaranteed by the mean value theorem for integrals,
depend upon the line integral values A_and A, of the attenu-
ation coefficients. Consequently, E,**” and E ;" can be con-
sidered as a set of real numbers in a set of pairs of real
numbers.

In addition, since the existence of the energy values E,*”
and B, is guaranteed by the mean value theorem for inte-
grals, the energy values can be obtained by repeatedly obtain-
ing approximate values thereof until the approximate values
converge.

As such, the line integral calculation unit 300 calculates the
attenuation coefficients a_and a, and the energy values B i
and E,*" satisfying the simultaneous equations of Equation
5 based on the projection function of the two different energy
spectra and the energy value of the detected X-ray beam.

To this end, the line integral calculation unit 300 sets initial
approximate values E;*” and E, 7 of the energy values
E,*"" and B,/*”" as mean energy values of the energy spectra,
respectively, as represented by Equation 6.

MyO 1 (Equation 6)
SiELY) = I

1
SH(EﬁVO)z n

SL(E)E,

Sy(E)E

Here, Equation 6 can be obtained from Equation 4 by
substituting 0 into parameters of E,**" and E,*” that is, A,
and A, for the high and low energy spectra. The mean energy
values of the energy spectra are values obtained by substitut-
ing 0 into A_ and A , which are the parameters of E,*” and
E, ™", respectively.

In addition, the line integral calculation unit 300 calculates
E,*" and B, which are the approximate values of the
energy values satisfying the simultaneous equations of Equa-
tion 5, based on A" and A, which are first approximate
values of the line integral values of the attenuation coeffi-
cients, and then calculates A”*' _and A"*Zp which are second
approximate values of the line integral values of the attenua-
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tion coefficients, based on E,*”" and E,**”" which are the
approximate values of the energy values satisfying the simul-
taneous equations.

E, ™" andE,"" canbe calculated based on A " and A" by
Equatlon 7.

P n n Equation 7
i ) -1y (B 4L )+ AL (D) (Bauation7)

P n
_ln(ﬁ) ~ —lnSH(EﬁV )+A2fKN(EﬁVn)+A”f (EM‘/")

Equation 7 can be obtained from Equation 4 by replacing
the line integral values of the attenuation coefficients, that is,
A_and A, withA " and A" which are the approximate values
thereof.

In addition, A"*'_ and A™*! » can be calculated based on
E, M and E,; hav” accordlng to Equation 8.

(Equation 8)

LES) —h(EY) —ln(ll| )+1nSL(EMV )

~few(EW) few (EMY)

e 1n( i L)+ sy (EH")

T (EEVOFERY™) = fan ERY ) £ (EXY)

ntl
Ap

Accordingly, the line integral calculation unit 300 may
calculate A_' and Apl, which are the approximate values of
the line integral values of the attenuation coefficients, based
on E, " and E,*” which are initial approximate values of
E,* and E,*" satisfying Equation 5, calculate E,*” and
BM7 based onA'andA ', and calculate A > and A > based
onE, vt and E, Mb EMVl

In this way, the line 1ntegra1 calculation unit 300 can cal-
culate the line integral values of the attenuation coefficients
by obtaining the approximate values of the energy values
satisfying Equation 5 and the approximate values of the line
integral values of the attenuation values through repetition
until the approximate values converge.

In other words, the line integral calculation unit 300 may
calculate the approximate values of the line integral values of
the attenuation values and the energy values satisfying Equa-
tion 5 when differences between the first approximate values
A" and A, and the second approximate values A" and
A , of the line integral values of the attenuation coefficients
are less than or equal to preset limits.

In addition, when the differences between the first approxi-
mate values A" and A,” and the second approximate values
A™! and A”+1 ,of the line integral values of the attenuation
coefﬁmems exceed the preset limits, the line integral calcu-
lation unit 300 may replace the first approximate values A
and A" with the second approximate values A" and A™! »
and may repeat the procedure of calculating the approximate
values B, " and E,*""" of the energy values satisfying Bqua-
tion 5 and the second approximate values A”** _ and A™** pof
the line integral values of the attenuation coefficients in the
next stage according to Equations 7 and 8, as described above.

At this time, there can be at least one pair of energy values
E, " and B, satisfying Equation 7 within energy zone 1.

In this case, the line integral calculation unit 300 selects
one pair of energy values E,™”" and B, satisfying Equa-
tion 7 to calculate the approximate values A """ and A "' of
the line integral values of the attenuation coefficients in the
next stage.
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At this time, the line integral calculation unit 300 may
select the lowest energy values among the energy values
satisfying Bquation 7 as the approximate values E,*" and
E," of the energy values satisfying the simultaneous equa-
tions of Equation 5.

Alternatively, the line integral calculation unit 300 may
select the highest energy values among the energy values
satisfying Equation 7 as the approximate values B, 7 and
E," of the energy values satisfying the simultaneous equa-
tions of Equation 5.

When a small number of repetitions, for example, two or
three repetitions, brings convergence of the attenuation coef-
ficients, selection of the highest or lowest energy values from
among the energy values satisfying Equation 7 does not pro-
vide an excessive burden of calculation.

However, with increasing number of repetitions, the line
integral calculation unit 300 may select the approximate val-
ues B, and B, of the energy values satisfying the
simultaneous equations of Equation 5 through calculation of
the approximate values of the energy values satisfying Equa-
tion 7, thereby alleVlatlng the burden of calculation.

In this case, assuming that E,**" and E,/*"" are functions
of'two variables with respect to pairs of real numbers and can
be differentiated at an original point, linear functions of E,** v
and B, can be approximately calculated by Equatlon 9
instead of Equation 7.

Eil/lvn(A,;’ An) = {Equation 9)
MV

n AE ks
EMV(0,0) + A? aL

0.0+anEL 0.0
0,0+ A3 —5=—1(0,0)

E} AL ALY =

MV

n AE v
EMY(0,0) + A" aH

0,0+42%5H (0 ¢
0.0+ A3 =5"—(0.0)

FIG. 2 is a flowchart illustrating a method for computed
tomography image processing in accordance with one
embodiment of the present invention. Next, the method for
computed tomography image processing according to the
embodiment of the present invention will be described with
reference to FIG. 2.

First, the X-ray detection unit 200 detects an X-ray beam
emitted from the X-ray irradiation unit 100 and having passed
through a subject, and outputs an energy value of the X-ray
beam (S110).

Then, the line integral calculation unit 300 calculates a
projection function represented by Equation 2 based on the
detected energy value of the X-ray beam.

Here, the line integral calculation unit 300 calculates line
integral values A and A, of attenuation coefficients from the
simultaneous equations of Equation 5 to calculate attenuation
coefficients a, and a,,.

To this end, first, the line integral calculation unit 300
calculates approximate values of energy values satisfying the
simultaneous equations of Equation 5 according to Equation
7 (8120).

That is, the line integral calculation unit 300 calculates
BEM 7 and B " which are the approximate values of the
energy Values satlsfylng the simultaneous equations of Equa-
tion 5, based on A" and A " which are the first approximate
values of the line integral values of the attenuation coeffi-
cients.

However, when operation S120 is conducted for the first
time, that is, when n=0, the line integral calculation unit 300
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sets initial approximate values E,** " andE e " of the energy
values, as described in Eyguation 6. In this case, the initial
approximate values E;*” and B 7 of the energy values
E,*" and E,/*"" are set as mean energy values of the energy
spectra, respectively, as in Equation 6.

Then, the line integral calculation unit 300 calculates
approximate values of the attenuation coefficients based on
the approximate values of the energy values satistying the
simultaneous equations of Equation 5 according to Equation
8 (S8130).

That is, the line integral calculation unit 300 may calculate
the second approximate values A """ and A_**' of the line
integral values of the attenuation coefficients based on the
approximate values B, " and B L " of the energy values
satisfying the simultaneous equations.

Next, the line integral calculation unit 300 determines
whether differences between the first approximate values and
second approximate values of the line integral values of the
attenuation coefficients are less than or equal to preset limits
(S140).

If'the differences between the first and second approximate
values exceed the preset limits in S140, the line integral
calculation unit 300 determines that the approximate values
of'the line integral values of the attenuation coefficients have
not yet converged, and repeats calculation of the approximate
values of the energy values satisfying Equation 5 (S120) and
calculation of the approximate values of the line integral
values of the attenuation values (S130) until the line integral
values of the attenuation coefficients converge.

If'the differences between the first and second approximate
values are less than or equal to the preset limits in S140, the
line integral calculation unit 300 determines that the approxi-
mate values of the line integral values of the attenuation
coefficients have converged, and calculates the second
approximate values as the line integral values of the attenua-
tion coefficients (S150).

That is, the line integral calculation unit 300 calculates the
second approximate values A”*'_ and A™**  of the line inte-
gral values of the attenuation coefficients as the line integral
values A_and A, of the attenuation coefficients and calculates
the attenuation coefficients a. and a,, based on the line integral
values A_and A, of the attenuation coefficients according to
Equation 2.

Then, the image processing unit 400 reconstructs a tomo-
gram based on the attenuation coefficients a, and a,,, which
represent attenuation of the energy values of the X-ray beam,
and terminates the process.

Here, the image processing unit 400 can reconstruct an
accurate tomogram through calculation of the energy values
of the X-ray beam passing through a subject based on the
energy values of the X-ray beam measured by the X-ray
detection unit 200 and the attenuation coefficients.

As such, according to the embodiments of the present
invention, the apparatus and method for computed tomogra-
phy image processing can calculate line integral values of
attenuation coefficients constituting an integrand of an X-ray
projection function using the mean value theorem for inte-
grals in order to restore an image of a subject from X-ray
beams detected in computed tomography image processing,
thereby enabling efficient removal of artifacts from an X-ray
tomogram while improving accuracy of the image through
single X-ray irradiation without additional correction and
repeated X-ray irradiation.

Although some embodiments have been disclosed above, it
should be understood that these embodiments are given by
way of illustration only, and that various modifications, varia-
tions, and alterations can be made without departing from the
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spirit and scope of the embodiments of the present invention.
Therefore, the scope of the embodiments of the present inven-
tion should be limited only by the accompanying claims and
equivalents thereof.

What is claimed is:

1. An apparatus for computed tomography image process-
ing, comprising:

an X-ray detector that detects an X-ray beam having passed

through a subject and outputs an energy value thereof;

a processor that calculates line integral values of attenua-

tion coefficients representing attenuation of the energy
value of the X-ray beam having passed through the sub-
ject and been detected, based on the energy value, and
reconstructs a tomogram based on the line integral val-
ues; and

a display that displays the tomogram;

wherein the processor calculates, based on simultaneous

equations obtained from a projection function of two
different energy spectra and the energy value of the
detected X-ray beam, line integral values of attenuation
coefficients included in the projection function of the
two different energy spectra and energy values satisfy-
ing the simultaneous equations;

wherein the processor calculates approximate values of the

energy values satisfying the simultaneous equations
based on first approximate values of the line integral
values of the attenuation coefficients, and calculates sec-
ond approximate values of the line integral values of the
attenuation coefficients based on the approximate values
of the energy values satisfying the simultaneous equa-
tions;

wherein the processor selects at least one of the lowest

energy values and the highest energy values as the
approximate values of the energy values satisfying the
simultaneous equations, among energy values satisfying
an equation in which the line integral values of the
attenuation values in the simultaneous equations are
replaced by the first approximate values of the line inte-
gral values of the attenuation values.

2. The apparatus for computed tomography image process-
ing according to claim 1, wherein initial approximate values
of'the energy values satisfying the simultaneous equations are
mean values of energy values of the two different energy
spectra, respectively.

3. The apparatus for computed tomography image process-
ing according to claim 1, wherein the processor calculates the
line integral values of the attenuation coefficients and the
approximate values of the energy values satisfying the simul-
taneous equations when differences between the first and
second approximate values of the line integral values of the
attenuation coefficients are less than or equal to preset limits.

4. The apparatus for computed tomography image process-
ing according to claim 3, wherein the processor replaces the
first approximate values of the line integral values of the
attenuation coefficients by the second approximate values of
the line integral values of the attenuation coefficients, and
repeats a procedure of calculating the approximate values of
the energy values satisfying the simultaneous equations and
the second approximate values of the line integral values of
the attenuation coefficients, when the differences between the
first approximate values and the second approximate values
of the line integral values of the attenuation coefficients
exceed the preset limits.

5. A method for computed tomography image processing,
comprising:

detecting, by an X-ray detector, an X-ray beam emitted to

a subject and outputting an energy value thereof;
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calculating, by a processor, line integral values of attenu-
ation coefficients representing attenuation of the energy
value of the X-ray beam having passed through the sub-
ject and been detected, based on the energy value;

reconstructing, by the processor, a tomogram based on the
line integral values; and

displaying, by a display, the tomogram,

wherein the processor calculates, based on simultaneous
equations obtained from a projection function of two
different energy spectra and the energy value of the
detected X-ray beam, line integral values of attenuation
coefficients included in the projection function of the
two different energy spectra and energy values satisfy-
ing the simultaneous equations;

wherein calculating, by the processor, line integral values
of attenuation coefficients comprises:

calculating approximate values of the energy values satis-
fying the simultaneous equations based on first approxi-
mate values of the line integral values of the attenuation
coefficients, and

calculating second approximate values of the line integral
values of the attenuation coefficients based on the
approximate values of the energy values satisfying the
simultaneous equations,

wherein, in calculation of the approximate values of the
energy values satisfying the simultaneous equations, the
processor selects at least one of the lowest energy values
and the highest energy values as the approximate values
of the energy values satisfying the simultaneous equa-
tions, among energy values satisfying an equation in
which the line integral values of the attenuation values in
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the simultaneous equations are replaced by the first
approximate values of the line integral values of the
attenuation values.

6. The method for computed tomography image processing
according to claim 5, further comprising:

initializing, by the processor, the approximate values ofthe

energy values satisfying the simultaneous equations as
mean values of energy values of the two different energy
spectra, respectively.

7. The method for computed tomography image processing
according to claim 5, wherein calculating, by the line integral
calculation unit, line integral values of attenuation coeffi-
cients comprises:

calculating the line integral values of the attenuation coef-

ficients and the approximate values of the energy values
satisfying the simultaneous equations, when differences
between the first and second approximate values of the
line integral values of the attenuation coefficients are
less than or equal to preset limits.

8. The method for computed tomography image processing
according to claim 7, wherein calculating, by the processor,
line integral values of attenuation coefficients comprises:

repeating a procedure of calculating the approximate val-

ues of the energy values satisfying the simultaneous
equations and the second approximate values of the line
integral values of the attenuation coefficients, when the
differences between the first approximate values and the
second approximate values of the line integral values of
the attenuation coefficients exceed the preset limits.
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